Abstract. Microdissection is a reliable technique and is extensively used in many cancer studies. We sought to verify the importance of the microdissection technique in molecular analysis of irradiated rectal cancer specimens. Forty patients with rectal cancer underwent 5-fluorouracil based chemoradiotherapy followed by curative surgery. We compared gene expressions that had previously been shown to be involved in chemotherapy or radiation effects; one obtained using RNA extracted from cancer cells by microdissection, and the other from bulky cancer tissues in all patients. More than 50% regression of the primary tumor was seen in 16 patients (40.0%). There was no significant difference in candidate gene expression profiles between tumor and stromal cells except for thymidine phosphorylase (TP). Without microdissection, there was no significant association between distant recurrence and gene expression in specimens. With microdissected sample analysis, however, patients who developed distant recurrence were found to have significantly higher intratumoral thymidylate synthase (TS), dihydropyrimidine dehydrogenase (DPD) and orotate phosphoribosyl transferase (OPRT) compared with patients without recurrence. It is possible that microdissection is essential for gene expression analysis of clinically irradiated rectal specimens because preoperative chemoradiotherapy for rectal cancer affects the tumor-stroma balance in irradiated rectal cancer specimen.
Introduction
Preoperative radiotherapy is the current standard of care for patients with locally advanced rectal cancer. However, the efficacy of radiotherapy is limited by significant interindividual variations in response and host toxicity. Response to preoperative radiotherapy varies depending on clinical factors such as tumor stage, radiation schedules, and concomitant chemotherapy treatment (1) (2) (3) . The exact role of preoperative radiotherapy remains controversial for several reasons, especially regarding survival benefit, as distant metastasis remains a significant problem even after preoperative radiotherapy (4, 5) . Thus current practices related to radiation technique and chemotherapy regimen differ among countries, and even among institutions within the same country. Therefore, what is an optimal schedule has not been established and adjuvant treatment for rectal cancer is a major controversy in current oncology.
To resolve this issue, increasing efforts have been directed towards developing molecular targeted therapies or in searches for molecular markers useful for predicting treatment outcome or for selecting patients for preoperative radiotherapy, based on particular tumor characteristics (6, 7) .
Clinically resected bulky cancer tissue, however, contains not only cancers but also stromal cells, which can affect gene expression profiling and hamper accurate analysis of the cancer cells. In irradiated rectal cancer, preoperative radiotherapy affects the percentages of stroma versus tumor epithelium. These can vary widely among patients; thus this high variation further complicates comparisons of different tumor samples.
Therefore, a procedure for dissecting specific cells was needed for the clinical application of a gene expression investigation. However, no study in irradiated rectal cancer has actually compared gene expression patterns; one pattern obtained using RNA extracted from cancer cells by microdissection and the other using RNA extracted from bulky cancer tissues in the same patients. The present study investigates differences between such expression patterns; particularly looking at any association with patient survival, and discusses the importance of the microdissection technique in molecular analysis of irradiated rectal cancer specimen.
Materials and methods

Patients.
A total of 40 patients with locally advanced rectal cancer were included in the current analyses. All patients were treated with preoperative chemoradiotherapy (CRT) followed by surgery at the Department of Gastrointestinal and Pediatric Surgery in the Mie University Graduate School of Medicine. Selection criteria were the availability and the quality of isolated RNA for real-time PCR with complete clinical data. Informed consent was obtained from each subject, and our institutional ethics committee approved the study.
CRT procedure. The tumors in all 40 patients were diagnosed as adenocarcinoma and the patients scheduled for chemoradiotherapy. Treatment was by external irradiation (10 MV photons from a linear accelerator) using a four-field box technique and patients received 20 Gy in 4 fractions over a period of 1 week. The irradiation field included the entire sacrum, pubic bones, and the medial portion of the ilium. Patients also underwent concurrent pharmacokinetic modulating chemotherapy (PMC; intravenous infusion of 5-FU, 750 mg/day, and oral administration of UFT, 400 mg/day) over a period of 1 week (8) . All patients underwent curative resection with total mesorectal excision, an average of 10 days after chemoradiotherapy was completed.
Pathologic evaluation and treatment response. Pathologic evaluations of the resected specimens were performed according to TNM classifications (9) . Tumor regression of the primary tumor was semiquantitatively determined by the amount of viable tumor versus the amount of fibrosis, ranging from no evidence of any treatment effect to a complete response with no viable tumor identified, as described by Dworak et al (10) . Tumor regression grade (TRG) 0 was defined as no regression; TRG1, minor regression (dominant tumor with fibrosis in ≤25% of the tumor mass); TRG2, moderate regression (dominant tumor with fibrosis in 26-50% of the tumor mass); TRG3, good regression (>50% tumor regression); and TRG4, total regression (no viable tumor cells, only fibrotic mass).
RNA extraction from bulky cancer specimens. Resected specimens were frozen in liquid nitrogen at -80˚C until further use. Specimens were homogenized using a Mixer Mill MM 300 homogenizer (Qiagen Inc., Chatsworth, CA). Total RNA was isolated by using an RNeasy mini kit (Qiagen Inc.) according to the manufacturer's instructions.
Microdissection in formalin-fixed, paraffin-embedded (FFPE) specimens. Tumor specimens were fixed in 10% formaldehyde solution v/v and embedded in paraffin. Sections (10-μm) of FFPE specimens were stained with nuclear fast red and then manually microdissected, with reference to hematoxylin and eosin sections, to collect residual cancer and stromal cells.
RNA extraction from FFPE specimens. Microdissected samples were digested with proteinase K in lysis buffer containing Tris-HCl, EDTA, and sodium dodecyl sulfate as previously reported with minor modification (11) . RNA was purified by phenol and chloroform extraction. 
Real-time quantitative RT-PCR.
Real-time quantitative RT-PCR analysis was done using an ABI PRISM 7700 Sequence Detection System (Applied Biosystems, Inc., Foster City, CA). Primers and probes for ß-actin, thymidine phosphorylase (TP), orotate phosphoribosyl transferase (OPRT), vascular endothelial growth factor (VEGF) and epidermal growth factor receptor (EGFR) were designed with primer3 software (Biology Workbench Version 3.2, San Diego Supercomputer Center, at the University of CA, San Diego). Primers and probes for thymidylate synthase (TS) and dihydropyrimidine dehydrogenase (DPD) were synthesized according to previously published sequences (12) . Sequences are shown in Table I . PCR was done in a final volume of 25 μl with a TaqMan Universal PCR Master Mix (Applied Biosystems) using 0.5 μl cDNA, 900 nM of each primer, and 200 nM of probe for the respective genes. Cycling conditions were 50˚C for 2 min and 95˚C for 10 min followed by 40 cycles at 95˚C for 15 sec and 60˚C for 1 min.
Relative mRNA levels of target genes. Relative mRNA levels were determined by the standard curve method. Standard curves and line equations were generated using 5-fold serially diluted solutions of cDNA from the colon cancer cell line LoVo. All standard curves were linear in the analyzed range with an acceptable correlation coefficient (R 2 ). The amount of target gene expression was calculated from the standard curve. Quantitative normalization of cDNA in each sample was performed using the expression of the ß-actin gene as an internal control. Finally, mRNA levels of target genes were given as ratios to ß-actin mRNA levels. Realtime PCR assays were done in duplicate for each sample and mean values used for calculations of the mRNA levels. Table I . Primer sequences.
Statistical analysis. All statistical analyses were done using JMP version 5 (SAS Institute Inc. Cary, NC, USA). Values of each target gene are expressed as a median value (interquartile range). Associations between gene expression levels (continuous variables) and clinicopathological variables (categorical variables) were evaluated using Mann-Whitney U test for two groups or Kruskal-Wallis test for multiple groups. Disease-free survival was calculated from the date of surgery to the date of disease recurrence. Overall survival was calculated from the date of surgery to the date of death from rectal cancer or the last follow-up. Survival was evaluated using the Kaplan-Meier method. The log-rank test was used to compare the cumulative survival durations in the patient groups. A non-parametric receiver operating characteristic (ROC) analysis was performed to calculate the best cut-off values predictive of distant recurrence using Medcalc 7.2 for Windows (Mariakerke, Belgium). P-values <0.05 were considered statistically significant.
Results
Patient characteristics and survival. The age of the 40 patients (31 males and 9 females) ranged from 48 to 78 years (median 65). Pre-CRT clinical TNM classification revealed 2 patients with stage I (T2, N0, M0), 7 with stage II (T3-4, N0, M0), and 31 with stage III (T2-4, N1-2, M0). In particular, pre-CRT clinical T stages were T2 (12.5%), T3 (62.5%), and T4 (25.0%). All 40 patients received preoperative chemoradiotherapy and the post-CRT pathological T stages were pT1 (10%), pT2 (25%), pT3 (62.5%), and pT4 (2.5%). Thirteen patients (32.5%) had pathological lymph node metastases. Lymphatic invasion was present in 31 of the 40 patients (77.5%), and vascular invasion in 26 (65%). Thirtyfour tumors (85%) showed well or moderately differentiated adenocarcinoma.
Among the 40 patients, 6 experienced tumor recurrence (peritoneal dissemination in 1 and lung and/or liver metastases in 5). Medians of overall survival (OS) and disease-free survival (DFS) were 38.1 months (range; 6. 
Molecular analysis without microdissection
Association between our candidate gene levels in bulky cancer tissue and distant recurrence. None of the patients had local recurrence. Patterns of distant recurrence were found in 6 patients. As shown in Table III , there was no significant difference in all our candidate gene expression patterns between patients who developed distant recurrence (n=6) and those without (n=34).
Molecular analysis with microdissection
Comparison of gene expression levels between tumor and stromal cells. Fig. 1 shows the differences in gene expression patterns between tumor and stroma cells. TP mRNA levels were higher in tumor cells than stroma. No significant difference was seen between tumor and stroma cells in the expression of other genes (TS, DPD, OPRT, VEGF, and EGFR). Table IV . TS and TP were significantly higher in female compared with male patients (TS; p=0.02, DPD; p=0.03). OPRT was significantly higher in patients without vascular invasion than those with (p=0.01). No significant association was found between TRG and all gene expressions.
Association between our candidate gene levels and distant recurrence. Table V shows that patients who developed distant recurrence (n=6) had significantly higher TS (p=0.0104), DPD (p=0.0166), and TP (p=0.0143), compared with those without recurrence (n=34). No significant association between distant recurrence and OPRT was observed. Thus depending ONCOLOGY REPORTS 22: 901-906, 2009 Table II. Tumor regression grading. 
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on whether microdissection was used or not, we obtained different molecular analysis results.
Predictive value of TS, DPD, and TP for distant recurrence.
Based on these results, receiver operating curve (ROC) analysis was used to identify each cut-off value for TS, DPD, and TP predictive of distant recurrence. Non-parametric ROC analysis showed that the best cut-off values for TS, DPD and TP were 10.26, 41.00, and 3.85, respectively. As shown in Fig. 2 , patients with TS or DPD above the cut-off value showed significantly worse disease-free survival (TS, p<0.0001, DPD, p=0.0007). There was no significant difference in disease-free survival between patients with TP above the cut-off value and those below (p=0.24).
Discussion
Tissue heterogeneity and the consequent need for enrichment of specific cell types before sample analysis presents a major problem in studies of cancer. Various studies have suggested that determining the intratumoral gene expression of important genes may be helpful for predicting clinical outcomes of patients with gastrointestinal malignancies undergoing chemotherapy or radiotherapy (7, 13) . In the present study, we evaluated the importance of the microdissection technique for molecular analysis of irradiated rectal cancer tissue. We selected candidate genes that had previously been shown to be involved in the metabolism of 5-FU (TS, DPD, and OPRT), and in angiogenesis and radiation sensitivity (TP,VEGF, and EGFR). Previous studies in patients with colorectal cancer show that elevated intratumoral expression levels of a number of genes involved in fluoropyrimidine metabolism, including TS, DPD, and OPRT, are associated with poor response to 5-FU-based treatment (14) (15) (16) (17) . Moreover, intratumoral EGFR overexpression has been associated with resistance to preoperative radiotherapy in rectal cancer (18) . The role of VEGF in angiogenesis, tumor metastasis, and clinical outcome has been demonstrated (19) (20) (21) .
The microdissection technique that was extensively used in these earlier studies, where comparisons of gene expression profiles of a small number of cancer samples obtained from the microdissection were from bulky cancer tissue, indeed led to stromal cells disturbing tumor gene expression profiles (22) . It has also been demonstrated that some degradation of RNA occurs during a lengthy microdissection procedure, resulting in decreased correlation between macro-and randomly microdissected samples Table V . Association between gene expression in microdissected cancer tissue and distant recurrence. ------------------------------------------------- Figure 2 . Disease-free survival according to the best cut-off value of TS or DPD. (23) . A recent study compared gene expression profiles of several macrodissected rectal cancer samples, where only surrounding healthy tissue was removed, with the same samples microdissected by laser microdissection and concluded that the interference of stromal cells with the overall gene expression profiles appeared to be minor (24) . Thus the more convenient macrodissection procedure can be adequate for the identification of tumor cell-specific gene expression profiles. However, when high percentages of stroma are present in the cancer samples, the influence of stromal cells might prevent accurate analysis of gene expressions specific for epithelial tumor cells. Especially, recent advances in chemoradiotherapy for rectal cancer reveal remarkable pathological effects in irradiated cancer samples (25) . Indeed, tumor downstaging after preoperative chemoradiation therapy occurs in 46.7%, including 17.9% with complete responses (26) . Our study showed 57.5% pathological tumor or lymph node downstaging. Therefore, a high percentage of tumor cells were replaced by stroma after preoperative chemoradiotherapy. It follows that manual microdissection is slow, cumbersome, and easily subject to contamination compared with laser microdissection. We confirmed the difference in intratumoral gene expression analysis between samples presented with or without manual microdissection.
In conclusion, because preoperative chemoradiotherapy for rectal cancer affects the tumor-stroma balance in irradiated rectal cancer specimens, microdissection is essential for gene expression analysis of clinically irradiated rectal specimens.
